Purpose To assess the visual outcome and complications of 25-gauge transconjunctival sutureless vitrectomy (25G-TSV) for rhegmatogenous retinal detachments. Methods Retrospective, consecutive, interventional case series of 84 eyes of 84 consecutive patients with RRD who underwent 25G-TSV. All surgeries were performed by a single surgeon at a single centre. Results The initial and final reattachment rates were 95.2 and 100%, respectively. The mean visual acuity improved from 0.78 logarithm of the minimum angle of resolution (logMAR) units to 0.17 logMAR units at the final examination (Po0.001). A macula-off RRD was present preoperatively in 45 of the 84 eyes, and 11 of these eyes (24.4%) developed postoperative retinal complications. Of these complications, one eye had an intraoperative choroidal detachment, five developed a postoperative macular pucker, one eye had a postoperative macular hole, and four eyes developed a retinal redetachment. The percentages of eyes developing retinal complications in the macula-on group (2.6%) was significantly lower than that in the macula-off group (P ¼ 0.004). An intraocular pressure (IOP) X35 mm Hg was detected in five eyes (6.0%) within the first postoperative week. All of these eyes had a macula-off RRD, and none of the eyes with a macula-on RRD had an elevation of the IOP (P ¼ 0.04). Conclusions Our findings indicate that 25G-TSV is a feasible treatment for RRD and leads to retinal reattachment rates comparable with those following conventional vitrectomy. However, intra-and postoperative retinal complications and postoperative elevation of the IOP can occur especially in eyes with a preoperative macula-off RRD.
Introduction
Until recently, the standard treatments of rhegmatogenous retinal detachments not amenable to pneumatic retinopexy were scleral buckling and 20-gauge pars plana vitrectomy (20G-PPV). 1 However, the conjunctival surface is disrupted during both procedures, and many patients complain of postoperative ocular irritation and pain from the scarred conjunctiva.
Twenty-five gauge transconjunctival sutureless vitrectomy (25G-TSV) was first reported in 2002, and this sutureless technique has been commonly used throughout the world. 2, 3 Two clinical studies on patients with vitreoretinal diseases, for example, epiretinal membrane, who underwent vitrectomy reported that the postoperative conjunctival injection and postoperative pain and discomfort were significantly less following 25G-TSV than after 20G-PPV. 4, 5 The increase in popularity of the 25G-TSV was enhanced by the clinical studies showing significant reductions in conjunctival injection and postoperative pain and discomfort. Thus, the main advantage of 25G-TSV is that a sutured sclerotomy is not needed intraoperatively, which would then reduce the postoperative ocular irritation and discomfort from the scarred conjunctiva.
Although the indications for 25G-TSV have increased for different vitreoretinal diseases including pediatric cases, 6 complications such as intraoperative suprachoroidal hemorrhage and postoperative endophthalmitis have been also reported. [7] [8] [9] There are only two reports with a relatively large number of cases that used 25G-TSV as the primary procedure for treating the RRD, viz., Lai et al with 53 consecutive eyes of 52 patients, and Von Fricken et al with 61 consecutive eyes of 61 patients. 10, 11 In the other reports using 25G-TSV for the RRD, the number of cases was small (10-20 cases). [12] [13] [14] [15] [16] [17] [18] The purpose of this study was to determine the visual outcome and retinal complications of 84 consecutive eyes with a RRD treated by 25G-TSV. All of the surgeries were performed by a single surgeon at a single hospital.
Patients and methods

Subjects
We performed retrospective analyses of the medical records of 84 eyes of 84 consecutive patients with a RRD who had undergone pars plana vitrectomy using a 25-G trocar cannula system (Alcon Laboratories; Fort Worth, Texas, USA). The preoperative demographics of the patients are shown in Table 1 . All of the surgeries were performed at the Surgical Retina Clinic of the Tohoku University Hospital from August 2006 through January 2008. The inclusion criteria were; rhegmatogeous retinal detachments and patients admitted to our hospital and treated by a single surgeon (HK). The exclusion criteria were; previous scleral buckling or vitrectomy, trauma and eyes with complex vitreoretinal disease such as proliferative vitreoretinopathy (PVR) and giant RRD. After the purpose and procedures of the operation were explained, an informed consent was obtained from all patients. The procedures conformed to the tenets of the Declaration of Helsinki.
Surgical procedures
All surgeries were performed under retrobulbar anaesthesia using the oblique sclerotomy technique, and were performed using the Accurus Vitrectomy System (Alcon Laboratories, Fort Worth, TX, USA). 19, 20 Lenses that were cataractous were extracted before the vitrectomy. After resecting the vitreal core, a 4 mg suspension of triamcinolone acetonide (TA; Kenakort-A. Bristol Pharmaceuticals KK, Tokyo, Japan) was injected into the vitreous to determine if a posterior vitreous detachment (PVD) was present. If a PVD was present, we examined to see if undetached cortical vitreous was present between the retina and vitreous. The peripheral vitreous was shaved as much as possible with scleral indentation. After the shaving of the peripheral gel, fluid-gas exchange was performed, and endophotocoagulation was performed around all retinal tears. Sulfur hexafluoride (SF6) or perfluoropropane (C3F8) was injected for intraocular tamponade. Antibiotics and corticosteroids were injected subconjunctivally postoperatively in all cases. Spearman's correlation coefficient by rank test.
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Clinical findings
The best-correct visual acuity (BCVA) was measured using the Landolt C visual acuity chart, and the decimal acuities were converted to the logarithm of the minimal angle of resolution (logMAR) units. For statistical analyses, counting fingers vision was set to 2.0 logMAR units and hand motion vision was set to 3.0 logMAR units. All of the patients had a complete ophthalmological examination at 3 or more months after the surgery. The outcome measures investigated were initial anatomical success rate, final anatomical success rate, postoperative visual acuity, postoperative intraocular pressure (IOP), and the intra-and postoperative complications. An anatomical success after the initial surgery was defined as a complete reattachment of the retina when all of the gas in the eye had disappeared. The final anatomical success was defined as a complete reattachment at 3 months after the surgery.
Statistical analyses
The preoperative, intraoperative and postoperative factors that we assessed as possibly affecting the results were investigated using statistical packages including Mann-Whitney U-test and Spearman's correlation coefficient by rank test.
The operative time, anatomical success, intra-and postoperative retinal complication of 25G-TSV for the RRD according to whether the preoperative macula was attached or not attached were compared using the Mann-Whitney U-test, Fisher's exact probability test and w 2 for independence test.
Results
The preoperative, intraoperative and postoperative factors that could influence visual acuity are shown in Table 1 . There were 46 men and 38 women whose mean ± SD age was 60.3 ± 11.9 years. Their preoperative BCVA was 0.78 ± 0.81 logMAR units and ranged from À0.18 to 3.0 logMAR units. The mean follow-up period was 6.6±3.7 months with a range of 3 to 18 months. The initial and final anatomical success rates were 95.2 and 100%, respectively. The mean final BCVA was 0.17±0.34 logMAR units, which was significantly better than the preoperative BCVA of 0.78 ± 0.81 logMAR units (Po0.001, Wilcoxon's signed-rank test). The postoperative BCVA was significantly correlated with the preoperative BCVA (r ¼ 0.70, Po0.001, Spearman's correlation coefficient by rank). The BCVA in 47 of the 84 eyes (56.0%) improved by 40.2 logMAR units.
A posterior vitreous detachment (PVD) was detected intraoperatively in 82 of the 84 (97.6%) eyes. A strand of undetached cortical vitreous was observed after the injection of TA in 17 of the 82 (20.7%) eyes with a PVD. The mean number of retinal tears was 2.0±1.4, and the mean operative time was 50.4 min for phacoemulsification and aspiration (PEA), intraocular lens implant (IOL) and 25G-TSV (PEA þ IOL þ 25G-TSV; triple surgery) in 55 eyes (65.5%). The proportion of triple surgery was not significantly different between macula-on and macula-off RRD (P ¼ 0.48, w 2 for independence test). None of the patients required a suturing of the sclerotomy site at the end of the initial surgery.
The visual improvement was better in the eyes with a preoperative macula-off detachment than with a macula-on RRD (Po0.001; Mann-Whitney U-test). The preoperative age (P ¼ 0.86, Mann-Whitney U-test), logMAR visual acuity (P ¼ 0.16, Mann-Whitney U-test), incidence of macula-off RRD (P ¼ 0.14, w 2 for independence test), and concurrent cataract extraction (P ¼ 0.60, w 2 for independence test) were not significantly different between men and women. However, the visual improvement was better in men than women (P ¼ 0.04; Mann-Whitney U-test). In the eyes with a macula-off RRD, there was no significant difference in the visual improvement between men and women (P ¼ 0.34, Mann-Whitney U-test), and also no significant difference in the visual improvement between those who had triple surgery and those who had only 25G-TSV (P ¼ 0.53, Mann-Whitney U-test). The visual improvement was significantly correlated with the preoperative BCVA (r ¼ 0.83; Po0.001) and the follow-up periods (r ¼ 0.36; P ¼ 0.001; Spearman's correlation coefficient by rank test) for all 84 patients. In eyes with a preoperative macula-off RRD there was a significant correlation in the visual improvement and preoperative BCVA (r ¼ 0.77; Po0.001, Spearman's correlation coefficient by rank test). In addition, there was a significant difference in the postoperative visual acuity at 1 month and 3 months (P ¼ 0.01; Wilcoxon's signed-rank test).
The operative time, anatomical success rate, intra-and postoperative retinal complications of eyes with either a preoperative macula-on or macula-off condition that underwent 25G-TSV for RRD are shown Table 2 . Forty-five of the 84 eyes (53.6%) had a macula-off detachment preoperatively, and the mean operative time in these eyes was significantly longer than that of eyes with a macula-on RRD (P ¼ 0.009, Mann-Whitney U-test). Eleven of the eyes with a macula-off RRD developed retinal complications (24.4%); one eye had an intraoperative choroidal effusion, five eyes developed a postoperative macular pucker, one eye developed 25G-TSV for rhegmatogenous retinal detachment H Kunikata and K Nishida a postoperative macular hole, and four eyes had a redetachment of the retina. One eye with a macula-on RRD developed a postoperative macular pucker (2.6%). Six eyes developed a macular pucker; five in the preoperative macula-off RRD group and one in the macula-on RRD group.
Four of these six eyes with a macular pucker and one eye with a macular hole were treated surgically several months after the first operation and each recovered.
The intraoperative choroidal effusion resolved spontaneously after the operation. A second vitrectomy with 20-G instruments was performed on the four eyes with a postoperative redetachment and a reattachment was attained without the use of silicon tamponade in all eyes.
The percentage of retinal complications in the macula-on eyes was significantly lower than the percentage in eyes with a preoperative macula-off RRD (P ¼ 0.004; w 2 for independence test). Nine (10.7%) of the 84 eyes were hypotonic (IOPp5 mm Hg) within the first postoperative week but all resolved spontaneously. Five of these eyes with a reduced IOP belonged to the preoperative macula-off RRD group and four eyes belonged to the macula-on group (P ¼ 0.59, Fisher's exact probability test).
Nineteen eyes (22.6%) had an elevated IOPX21 mm Hg within the first week. Six of these eyes belonged to the preoperative macula-on RRD group and 13 eyes to the macula-off RRD group (P ¼ 0.11, Fisher's exact probability test). In addition, an IOPX35 mm Hg was detected in five eyes (6.0%) within the first postoperative week, and all of these eyes belonged to the macula-off group (P ¼ 0.04, Fisher's exact probability test). All of the eyes with an elevated IOP were treated with antihypertensive eye drops, and the IOPs returned to normal levels without glaucoma surgery.
The characteristics of the four eyes that had a retinal redetachment after the initial 25G-TSV are shown in Table 3 . Only one break was found at the initial examination in these eyes. Four of these eyes developed a retinal redetachment within 2 months (mean 25.0 days, range 11-61 days) after the initial surgery. The redetachment was due to an opening of the original retinal break in 2 eyes, a subretinal strand proliferation in one eye, and a new retinal break in one eye. Residual peripheral vitreous was detected in these four cases during the second vitrectomy.
Discussion
Our results showed that 25G-TSV was effective in reattaching the retina, and the incidence of retinal complications was significantly higher in eyes with a preoperative macula-off RRD than a macula-on RRD. In addition, a redetachment of the retina was found in four eyes, and they were all in the macula-off RRD group. All of the redetachment occurred within 2 months of the initial surgery.
Oshima et al and Miki et al reported that the initial success rate of 20G-PPV was over 90%, which was comparable with that of scleral buckling 21, 22 We achieved A RRD is usually associated with a posterior vitreous detachment, and our finding of 97.6% confirmed this. However, even with a PVD we could still find residual undetached cortical vitreous (RUCV) on the retinal surface in 20.7% (17/82) of the eyes when TA was used during the surgery. This low rate was unexpected as an undetached cortical vitreous has also been reported to be common (about 70%) in eyes with a PVD and a rhegmatogenous retinal detachment. 23, 24 However, our cases with RUCV were not those with a small patch but those with a large circumferential area of vitreoretinal adhesion attached to the macula. This difference in the classification of a RUCV could explain this difference. For example, Chen et al reported that the percentage of eyes with a RUCV of multiple patches and large circumferential patch was 30.3%, 24 which is similar to the 20.7% in our series.
A postoperative epiretinal macular membrane developed in 6 of the 84 eyes (7.1%) with a reattached retina, and all of these eyes had a preoperative PVD and no sign of RUCV. Thus, our results suggest that the development of a postoperative epiretinal macular membrane was most likely not caused by RUCV, but by other factors such as postoperative inflammatory cells or retinal pigment epithelial cells that escaped through retinal tears. 25 Campo et al 26 reported that 6% of their patients who had undergone 20G-PPV for pseudophakic retinal detachments developed a macular pucker requiring surgery, 17% developed cystoid macular edema and 2% developed full-thickness macular holes. In our series, we found that 7.1% (6/84) of the patients developed a macular pucker, which is comparable with that reported by Campo et al. 26 However, none of our patients developed cystoids macular edema or macular holes.
We attempted to remove as much of the peripheral gel including the gel around the original tear as possible by gel shaving. Although the 25-G sclererotomy port was most likely sealed by the herniation of the remaining gel, the technique of oblique sclerotomy and gel shaving with sclera compression allowed us to complete the vitrectomy without suturing. 19, 20 We suggest that an incomplete peripheral vitrectomy for RRD can lead to retinal redetachment and to PVR as our four redetached cases showed residual peripheral vitreous during the second vitrectomy.
Our findings indicate that the advantages of 25 G-TSV for RRD are; high rates of retinal attachment after the initial surgery, easier re-operation than that after 20G-PPV or scleral buckling because of the smooth ocular surface, and no adhesion of conjunctiva and scleral tissue. However, 25G-TSV for RRD had some points which might be a handicap; the inability to perform a complete peripheral vitrectomy, the limited number of surgical instruments and a greater requirement for wide angle viewing systems. Furthermore, compared with 25G-TSV for macula-on RRD, our results indicated that the disadvantages of 25G-TSV for macula-off RRD are (Table 2) ; longer operative times (P ¼ 0.009), relatively low rate of initial reattachment (P ¼ 0.08), relatively high rate of postoperative macula pucker (P ¼ 0.14), and development of redetachments (P ¼ 0.08).
Our study was not designed to determine why the rate of the retinal complications in the eyes with a preoperative macula-off RRD was higher than that in eyes with macula-on RRD. However, we suggest that one of the causes might be the longer operative time in addition to the preoperative macula-off condition.
A reduced IOP has been reported after 25G-TSV especially after a straight incision and in younger patients. 27, 28 This is important because postoperative hypotony is not uncommon after sutureless vitrectomy, which might allow bacterial entry into the vitreous through the sclerotomy sites. This could then lead to postoperative endophthalmitis. However, postoperative endophthalmitis after the sutureless vitrectomy can occur even in the absence of postoperative hypotony. [29] [30] [31] [32] [33] [34] Our results showed that 25G-TSV for RRD led to 25G-TSV for rhegmatogenous retinal detachment H Kunikata and K Nishida postoperative hypotony as reported, 35, 36 and the percentage of eyes was the same in eyes with preoperative macula-on RRD and with macula-off RRD.
An elevated postoperative IOP should be monitored particularly after the conventional 20G-PPV with fluidgas exchange. Although 23-G sutureless vitrectomy has a larger port than 25G-TSV, this appears to reduce the risk of extremely high pressure because the ports allow small amounts of gas to leak out when the IOP rises. 37 Misra et al 37 reported that none of their patients in the 23-G group had an IOP 440 mm Hg whereas four patients in the 20-G group had an IOP440 mm Hg. In our 84 patients, five (6.0%) had a postoperative IOPX35 mm Hg including two cases with IOP 440 mm Hg. These findings show that the sealing of the 25G-TSV port was tighter than that of the 23-G system and was too tight to allow gas to leak out of the eye. This indicates that high intraocular pressures can occur after 25G-TSV, and care should be taken to monitor all patients closely in the early postoperative period especially if a gas tamponade is used.
Although we found that there was a gradual improvement of vision in the macula-off RRD until 3 months, this is believed to be due to the recovery of macula function and ocular astigmatism. 38 Our results indicated that combining cataract surgery with the vitrectomy did not significantly affect the visual improvement in our macula-off RRD cases. However, the cataract extraction may be a confounding factor when considering the visual acuity. A comparison of the visual acuity after RRD by 20G-PPV and by 25G-TSV without cataract surgery is needed to assess the efficacy of 25G-TSV on the improvement of vision and final visual acuity.
There are limitations of our study including the short follow-up period, small number of patients and a non-randomization of the patients. Nevertheless, our findings indicate that 25G-TSV for RRD is a feasible method and can lead to comparable retinal reattachment rates in addition to postoperative satisfactory ocular surface due to the sutureless technique. However, intra-and postoperative complications can develop, and a postoperative elevation of the IOP can occur after 25G-TSV in eyes with a preoperative macula-off detachment. There is no perfectly safe procedure for RRD, and even though the macula-on RRD did better in this study, this does not mean that they will never develop complications. A more frequent examination schedule may be very important after the 25G-TSV especially during the first 2 months considering the cases with postoperative redetachment. In addition, because there are patients who develop a redetachment after a few years after 20G-PPV, a follow-up of several years should be recommended after 25G-TSV.
Summary
What was known before K There are few reports with a relatively large number of cases of RRD that used 25G-TSV as the primary procedure for treating the RRD.
What this study adds K The purpose of this study was to determine the visual outcome and retinal complications of 84 consecutive eyes with a RRD treated by 25G-TSV by a single surgeon. Our findings indicate that 25G-TSV is a feasible treatment for RRD and leads to retinal reattachment rates comparable with those following conventional vitrectomy. However, intra-and postoperative retinal complications and postoperative elevation of the IOP can occur especially in eyes with a preoperative macula-off RRD.
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